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■. J i ■•■.' i Til;? contours s\-a t :::n; i := ■':■:' c f 'lit L'-tL- C? U'v CM ■{;!■"■" t'::v;.'n' Un "lIvj 
■,,!.■ I-. I ml ;:::■>, I»0,'. ir.CJ 3. 1C t U I y , n.-ni l.:'r:':i'' ■ :i ijj »■¥ tfital our vatura. It li 
r/u::, V,, i s 1 1{|. '■'".■-" r.i-v.c 1 1 :i;i --ill t!ii u*juve r^pirLi ni cdil be gsi ;r-pt^:l ':!J a 
, .■ . .:: k u!ili;li f.vi-fc;riiG rir.->lc> lot ill L"-7 :L- '.'•- *sc i ? 1^ Ml^jHJ^ ■ .1 lhat 
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This report ckRcr-ibag raaatfrcl* t ; t . s i -z ; f.- i tl:: Ar-tlflcicif Inte I > i fjT..rt.« 



■ .:-, 



atoi-y nf tl. Iters* :' ■ '■ .Iii:;'. ni T - ' . . - i ::■—. S^j.-rt f^ this 



lob'.: iilMiy'a ■"..- i i ? "i li I ,i I I ■-■ V . - 5 I "i -j: . . = _ .: i ■". ■ '■■ •■:■ .-. •■-!<' >J i.i [ "Si- 1 by thn 

i'-,uVl'f ■ F.V:^:,.-JT PrDJUS* A;:.:-.r:y (if ,/ ■ I .. .i of T ,.-,#.■ L!-. ::■■!!■ Office 

'jF t-: :> -.-.i I ft^-issr'cli contract Ki30H-"'Ji C-vS-i'?, 
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■■■ k« ^ep^JertErtoflMtropy.imoQthna^njirilrtiumciirv^/.f ri l^liiy „,gg«i 
<i ■* ^i=.p.offil!.-'. ■ , :,:, ,. i,,,,,,,, ^ua,,^ ^, TTte^ttMiruM co^.,.,,1, D f 
«.*«uof hwdrcfa BBBfltt to dit given ripa.maetfnga^My,^ rniriiMJli?lt tlw 
t^t carvitnK. It b A DVn A* «tap« matin; r,]t tfa« ab<J , a ream™,! can be pnenud 
b/ a network which parr*™ slmpl*. local ampuiailnos. It u n^toi rhn. the fffling-ln 
P«* ' ■ Pfey n» lm ream rok iD the ^ pro , lng of ¥l!Ua , j nformaMoni 

T1lii J: ' -"■'' ■' '- '■ i . ' :1 - tn Btolvtftal Cyhmuttcs. 

'.." , . ' ■■ " , 

■.-■', j. -rj V » ^M^.r^r^ [vi/rcrived when the vfcm I ... ■ m f(U s in the gap between 

„,...■ J...» r, ^_„ t| , J L t,.,, < .,;::;; ;.,.. , , . :/ If] ^ fL| L . ; . j,-y 

Srtjwy &nd Hnrrta IflTi Ebnin IS% Schumann LKH1 Other tumpfe cf filling^ 
primes are the perched tr*j^ ,„ cpri ^, Bte mction and Tji3 em , Inuadw| rf ^ 
Vi««] fe]d ton* fL | | , ^^ Thfl ^ rf ^ ^^ ^^ ^ 

"' ' : "" rf l ° ^ "■ !: > ^ !!■ FoMnian* u.H tf «*=* condition, will a 

nmpleu, trnjecn -u h, ,,, .,- : ;-..,j b«»«n aicteUvd, piflMa^j *trm,h. ™ wh » editions 
will enhance th i rattan of suhjectivji corironn b?rw « :' ■ ■ . !*■.» ^n tm 



■ ■[■ 



Impnrtanr ■■>=: : -,.:,, ,,^-,-rtf prcfclrm poral bf the fllfing-in phenomena e*i«rns the 

flhefJllad-hjcoHtounRRaifajctn . .: . ■« contours a«iymJ,crfMd by 
rhe visual tyam the ottmlmtlwi of ;heLr *!».{ < n.J&to p W . , ■ ,= , bw , the nan) . , f 

ths minima that gencraes th«m I i ti it .. ,. : I jjp.11 rirrt nxai e th* shape of 

s^bjraivc contours and thai sujgt-i a n iwwU < ,, abb f gen sat i ., [I ,.,• sbapei. Ei wi ]i 
^ shewn i ha , a B fl WDri . with the ]oc | , ,,. . , y . [ry|rig lo k ^ |3) , ,. ;[ . ;(is „ aj ^.^ 

as p«*lb] fl " en produce curves j ..; mir g [h ,, flobll Jir ^,.- y of mLll j mljltlg t rtal tUrW|Uft 

, 1; Th ■ .I,-,.- of Btibjt ih contours. 

C f ti':; IriRi ii Ij- many loci passing ..- .;, two given «dg«, which is th ■ . ■ ctaun 
by. ths vliua] system? Let restart thequ«r forar, jiisw by a i, u .: . ..:.._, ■,. :,,,. ,. ld 
*" h >? r: '" ''■ ^JH^v,-^ & -uiddin.« fc. narking d&vm tf.. .■.■:,„ M ^sibJe 

ahap*s to a jBkju- one. Th* resulting c u.v.; v :!i .; ;: - h ( .. ..-,- s d w|:h actually perceived 
ffllad in contours. The four gu-jJclin.- ar« 

1. Isotnopy; As far as the filled-in con , rs nt centerr.ed the visual field seems 
ipprc-simr.tely homogeneous anrl isocropic: The fi a)3 , f educed I y & gh-ai 
figiw do nut change in shaps whji tl.; r>ure Is translated or rotated. 

2. Smoothness; except for Mme V a ;. .,. . : f , : . ;i . . , ■;,,;_.. * t «Uurvtt a« 
smooth, that ii, differenri&bie at least on<t 

Ltii/.iurn curvature: This juiddjfle j, irupi, |'| , ± ■ rwwnbfence of ihe fill ... 
:ou«tn a thin doubly cantilevers-,! beam o 3trnutr«]y, to the curve known in 



curvature [Ahlberg, Nitsoti mid Walsh [S£7 f Sftkolniki rf !"' -VI. T! ashapr.at nwibj; 
contour passing through twn given edges whose orisntatE; n diffcj ?n« is muih !.■,: thin nfS 
cJosaly resembles the CLibiC spline pasting through [hi! boundary edges. Ac this pah 
wish To state this ii - h:? ii:!"; :.: lift tha minimum curvature p j ..:;■ v-J 11 rt-cai 

Fdfjr'iu] treatment irs th? Miquel, 

i The IgraliLy hjj.uL^.'L^: Hi: ojwrjton by which. A Hi y ";■ ■ ■ :::ni^.-;: to 
genera 'J tiyacpnm .' •■ beta ! in ■ "... ■. i. That Is, It depends on:}' on 

the tjld pELt of Ll i = ■ ,...; • •!,:? [ij h« extended and nut on :'. ! -' if>t rtf ih- entire ■-■" e 
Yhii hyiiathiisis is based in part on fitparlmenral cussr-Vaticm^ mtf partly on a tliwjretjcal 
BcmBlderBtiQnj th?t fs addressed ?'; the roincludLng d 

The OK pc j i"ir.-rri 111 oh-. •.■■•. ;t 15 dla^fari . . ' .:: fi^ui e [. Figure 1* dep •: 
sub- j^= ::■.-: c&lltour b b-HWtc-n two boundary ;rfg( : A rni',1 5. In lb ■ e ,_,: i:. ;i added on b, 
and in k 3 l > . v, edge which wg si .!| n i A-£ occupies ;Y. . . rjrtiun -■■: ■ ■ l Id E. 
The ihapo uf thL' fi..ijc-:,. • .... i -v, in, :lie i.r:tt in all Lh<i th* ■■ iationi, [t h 
assumwJ here that, a contour between fidfes Ii;! and US i; •■:• g ■> . r ,;' 

peaslbl* extcnsiatis of EL antotl i ndhig S !, and then chary I ng 

curves can natting %l and £2. rhe fact that the * I . ; ■• ■ I Ijy E {i '■■.■"':■■ 

A-E (figure Ec) :\i-? idciUir.il i.^ readiEy txpfcined if wj adopt tl-.c Icaltty aMumptkn^ slnc« 
according to this hypttfhesis the ex tension in both fasn depends on .■ i 

The four guidelines : ■ .csu'l^c the shap •* cf :'■- fill ■ m ■ •:. 

Lei the stf of p 3 extensions ■«: . . b L !, L2,- .-.i.i'.. One til the n, -vy Li, 

together v/Lb '•'■ an inL'ig from B piodiKi: the l - .. :. , '-. i'f •.-. i plsof A lei figure 




i igurc I 



Adding tha fldgss E or A-E Ados net change eta shape nf the rillod-in 
contour b. 



' .' E*;nited e'Jge A'E ffijure k) the cantmar dnea not change in shape. £Lr:r.L u irs the 

.-. iiid ci • the ton'oLN is product .1 ;.'}■ i. d' : ! <■■.]■■, :. y-v.\:- t -.\-«) '•■'■■ l' ' ' i« thai E-LI, the 

:■! 1 ! !' .:.,': i. . ■■ - o:i-: *» tl "■ . "■ ■ : " " : " . ' ' : - extensions of F.. 

From Mi- ■ .:'-. ■; yrapfcrtv, E Tl ?.. aljc congruent to soma r .i, hi.:!-. 1 :r si.-t of c d"vcJ T.-L„ 
,. .1 k ;5v'.:-. | ! 15 i ■vin;.; proper;, p. If j-j : j E&L any ciifVi: L.i ^-:u cut it hS E'>iig 

poiiil !\ t'i: i tl. ■:■!;:._ ■; of } : -f.i, the cahtJOL! Ltiaft of Ll ffcin P ■:.,," i' : . i: congruent to ar\t! 

. ... curvet Ll, LL Oj:: en ;.■. !.: i ■ ; !■• ■n.-'il :./ ; '■;,., all tin Ll'i t^i Ue crr^ijjf 

ft£I! f.-;> 1 >. (;,..;.■ '::':..: Mi- lin-i :..-... " ' :• :;: i^ht litre) s«m ■ ■ -i/ i trt of a drde ts 
congTtient to Hr.J DiTicr part Of e^UAl length. U,-.'. ' ■ . o'i':i ! ■■ ''it, tt?C <■< '■" : il^EJnn. ts. 

th'i Qni^_Mi \,-.i n ■ ,'. otayin? tlic abuYs '-.. •■■■■■•< ■..■■■. . . .' !: :.ti'. c". i'-i :^c Irvrf to 

examine th«e conditions, 

!i: .? prviciurad curves rr. :>: bi! be £ ;:;>?!.? t-.i ll, . h.-^l 1 A ;^ ,L Li • i-. .UOtfinesi 

requirement, tin prediction t?. thin the fllled*lii contour is composed of Mif arcs of two 
i- ..! , < ■ Ln-, it ta one edge, tin ?Ll ;'.■■;,"■",.■ '!,v ::"'.■ ■- . u - An additional 
restrictlo I h Imposed bj' 5It<? Kineici'iiiify guideline, which ir:.]_Li<L.- tnst :r:. two arcs shurea 
;. i •:•■- ^'..i,; r.: (In.ir meeting point. There i; :'.;!!, hauler, i ;i infinite number uf sre- 
■ .,:.; I'll j':; 1 ," !:.!.■:: fi :i 'V>:\:«.n.. Following, :!; , r.:. :ivum cLtrval'irc hypcrthisls Cut 
us pkt p Ditt of nil the admissible pvir^ t v ,.- L . ■ ' ■> '-, . <■.- ■ -- : ! i itvatjip. TIie 

IC.-V.il . • "■ ■• i' ;." ' .. 1".: -". f.' _. ' .' ■•'■ ■':".'!* >..■■■ r V,.: at: :'■•<:.•■/',■.■ ; : 

I- tlse slypm df the curve, Tl ■ I : '" <■ ! -'i '■ '■ ■■• giv ■ ! J ij h^own as t"h r- local 

cvrvatura :p In tlia s ' '• ,■ wcsrul h l-.-.v:i.j:..* wttl refer to dotal 

''!.■ i' i 1 1 ■■• ' : .'i ■ • .=-." ted. 



Sine;: ihc shape analysis i; trrii.'d cut \- w wfrli : trying f.Iso t~ aOccjoJlit for its 
generating mechanise an important problem ' ; - :-.:rAtly arif::s :-.i rlus point 11 ^Ei«^m" ;i 
nte7.s1.11re ^T thu total curvuEurt ran be .CKnpytad in ? fo: y ..... •■■■■"■■ : : n .-■...'. "'.'. -.1 .."■■■■ .<\ 
which is positive sad surprisingly £.^-' i- i •' '.: "• •'■ . ftuwit scttltiii whera a, 
network rtiu-rfd is presented. Before Lurking to the medcl let us compare fn,t £xa\fl-p)!:> ■ f 

CC!:"- . u . >r»Ted by ih2 pUtlSffwi .".":-'■'!. f-'l to t< -j."- r.U..:: '. t>]j !:■"■ V!.'.-.-->[ -j'.-:i:!il. 

Figure 2 is an sample of Lg I . _ * oj itjontaurs, The cq 
are enhanced fry su,ppnjftJng ; ErasngSta ihat have ■: '■■;':: affect on the penis vatf slups, Qi 
the supporting lad^..* ?tc log {cum or tn-p short tl^ subjective contour ri-cs ...ot touch them, 
and it alio aimihishes Ln ittengthj The shape of •.'■■: . . o :; can be tr.ictil by placing a 
transparent paper fti the Figure ?.nd marking ths points the contour seems tu pass throi ;l 
Figure 3n compare* the resulting cc :•:■ ; Ji lor tlgvii '".■ ragtil ovci 10 subjects with i!.^ 
curVi: jjcncn ted by ;':■: abuve tura-ancs ■ i :_-l! : = ;rL frum \.l.-. tv/a boundary edg ■.; (stash td I 
Th«two-af« r..:rv\' ii ..^jV.,/.,^ i M fij_,^v ^b togii« wJlh ths twojener: •:■_ ■ ■:'■.■■■ 
center is at lI l:x:J ?.rc 2 whost! cenicr is -: l *:2, 

I'..; i- '. ■■■Hi ti k ;i-..'. {.■ i ilindiipkj tvitt - 1 ■: X DP-ID tomputer system 
Tekl ••: :. -d-topy unit Uhsrifc ■■■ ! h in* following w*Ly: TSm sei 

pairs C3.n ha lEsscnLcd ?.s a one-paia meter F: ii-!y whi i'£ Lfj>* parameter it £5. the ?.^,_,! J " 
betwa ii >;.■:: i^f the t-l^-J; ;■: J :!:■: ! ii;:; f ■. : : this i$: <.<j cht meeting ^oillt Qf ttK clrcf ^, 
The ii'iiv. :.■;.., si si; v. li:f;2 jj: . wj.s found fc] (TK-.puLlng the curvatuxE for 1 d g 
Jricr-j. ... t£ C#f (S. 

Fi^'T.: ! Ki'ftptres e w£ ^ -if:.r .:. :■!.!!,' j I >>J tve k ntaiirs with t!: ; w.cs 
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I" . : ■ !ri.;^ %\\\ pi-.. I-..":... SKbJftCttVli CciJltontS. 

Coop; .■;;« 3;-! £h ldtJi curvi ] in rigj-ura A , 



- 



* 




a. 



-. - 



U 



Figure 5 
fit A ^GfiijKirifOn h*tW£fl(j uii r Ltlallj ;.••'••:■''■ subject .■■'.■■■ n on t g u r fttui a 
-.j >. morst-ed t y the t-- : o--.:? • twilicd (='. :-,. d Iitkj). 
5b: Tin: tvo arcs that generata tlis contour ia 3a, 
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A c--i,;ij;-.ri-:'-,ci of acflfcll? :\V'-- : '■ i ■■■■■: •■ '>n jfl 

prod 1 C<3ll by -Mi-' ...::■■.: . : ■ ; : ' d 3 tn P 5 ) f 
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generated; by eWg method yndcf ;!■ E'h.£ tantcur r,-.-. -Aid ■:■, '. n f 

4 is produced by ' ■ ' . In 25 In fi^mc r. ! >ib a wbjealvc circle »nd a square ,; 
perceivable. The Circle ii in at oiuP.Ud with ;!■- i ■■ -■■■•-, ■ '■■■ square is. ad :di in ^:* 

subsequent sect ion. 

Section ?.: A n*tv ■'■' ■ '!'•.-;•■ " ' : tetl nt jri. 

This ■■■i.:'' :i I..!'- ^ i ... " oik irim'-d -^ipsbld of jjiilciaLifig {wo-a.rc.% :.■ wotti, 
t, ;,i: ,i-n:;-\-. : •.- ;.; rs '■■■■ n I a givtct Ltmndajfy 3ct^g. ^3 tJi« shape analysis in 

the prewding fcti :i - ■ b : I in p - ; n heleoUiy isjumpilon.f rig I 

?i to VtH':f> : iri»: ;!-i ;imp;i;yd c;liV '3 of Minimum :■■ ;il curvature C"i". i"? ^' |; :.:•'. O : ..'jf i !•■.■: 

■.■ rig 1 en 1 ; 1 local t -.■:■;; !;::v::U-- • I in ? f> fs,' ■' " tl ' 

scitrij^ <jj* F' 5- ;'.'-;■. f r ^'' ■ .. -" ! r s =j-ria1 i.eEWtirks pt-f forming Chi ■? ZT-.\i)^ Ci [ .:■.:■ 

IQOi LnCWlCeiVidjiG. 

The: . "\ ii ■■ =1.- : i"--i, | in fhrj- 1 ]-i:rj. hs Circles rai 

In the boufiditry 5<jl-S, and. tbc third pii:ks the in ■■ i '"■! = : ^ i 1 -:. r-r-r. 

The \\i\:i !.;■:■: I l:?'. u.di „ : r\s qrlr,irglpn fli^tftf. Th* ~::l is t 

rrid of pyims, And ch point P thtrc , r of orientation elements Minify 

P frcm i gnboriiig j»]ii»jt 4 afi'Ji i nia ^..rbir of wictSLStioa '■•..'■": '.iii^Mo 
!:. . ' y | p. iiM- CHi-s nui-iiho ■.: ';• ~ I ts si esdi point dppcndj ni": ti- ■ dt:irudl ■■,-.,■ 
resoJutson.) Each output dwswftt :ii ! • ■■ Lcts.-dto.il l'-y ; .i-:iT elements .-■ itE = = n a ?:■-.._, .- 
of snrrjy r d^,.- , firm ft, i. ■. . 'I t! > i> -■ ning I ■: uilL-nratlotis nr^ betivei-jn r/2 

..■ " >ry2 of thfl ■. ri :' ..■ ). The basic n; . ; ■ -., i the network is si ply 
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Fi(|ur*s 6 and 7 
,: - : ;.:i (:■(..; i: J <■ c tmn-H ct ed to tbs lnj .;■"' ; witSun an 

at inn r mga a t i" dasree*. 
6b: Iti ■ ex:: ■ l r: : : i u .:. on the ai '-.■■•. i ... ifcji-ut and the output 

:•-] C!' -.'tut,, 

7n: Tii-s ir»jju.t c l ■ -.i t-; II and 12 canaot bo active slsiultanaouBljr, 

7bi T:' dr.d 14 H." ;■ . ;. : : .. .: . ... Lou mid ■ ■ : ' actJ.v;! simultaneously. 
. ■■ . : . ■. ■: pair, 



a lota! preference for straight lines ■, , o..h element ... c tej mostly m noli In tar neighbor. If I 
Is an oricntattcm stamerU sintering P Frr.«t it i. ' r | tint, the sjidtation of the elements 
radi.'.-isig ftcirt P will dcerraAs with the wwgV; ?. between it v j i;;v; r..-i ■.',.:: citnui ties 
{f Igu f e &l>), 7 ri t- 1 ' *«<2» &lng f i j . :i: ■ ; : ;,i i.. f ' ,i . . :.^ k^n to l^ ( L >. . "; ;' ;-c s om u ccnstRiiL '•.,;!.■ l 
is. thr eKtttaiors Ei;Oi) ii. [;(l - l-a i! i ). \Vc jiha.ll tetcr ica tout ths exact farm oJ" \)vi fun 
is not crucial at all. At a given point c' whew Marty orientation daman ts fjn berth . 
out rjF P r ;h-j exdnui-nn Df a givan ^uljinl element Oj :;. the maxiirmni of sll tlis? inputs 
con netting to i\; naa i ly- F.{Oj) ■ ' . ■. "■ U ■ !^ 3 i ).. '■■'■•■■■ J ■. i inge* ov<a all the elemetns 
connected tn 0> A tound.ftirj 1 cdg<3 A wrvej rs an Inp >.t to the rv:--^:V hf v:f[ ' ig . n 
ni ..'■-:,.. i •; :-'i:- nf trve orientation eteniflttts In the fir:-* taycr. The KdtatJoii scheme can 
t!i.,i !>g Viewed as .1 real function i-(P,0) which gj"v r ■ on at a p lint P of some 

orientation element O. 

The second layer: At the second iyer ■ ii paid r 1 accepts input from 
orlenU-.tkin ■)/ ~;king thi maKlmum of the . , :: ■■ '.'■ .■, .!,■. list ! Lyer. If ii arsd 12 (il\ 
are two orientation dementi entering P (in the second hy:r) it a impossible that beih will be 
active. However E-3 wl Ii (flgMie '/it) c:i tie actjvu ri!i.: : : - - : ' '■";' ■' ;!."¥ lie csn the ; . 
orientation. We shall aft such a j ii? .-,' clriftitus aia point, differing by 160 tlegi , n 
orie;iSr L litm'y7ir. It A is now th: i.sn:.* l : : ■:!.: ,. . ■art, t!ic escitc-d ?Ji rnaits in fhc i;:.. ■ c.l 
l?./.:r •>. ii ;::ii!; ;!.;■ /iij^ gf i-frifejr taaTi'Jit in A- I ilioM ' :'\\: ■■'■ "■■ ii "-i^ j^raaf of l!uS 
clajin. 

(a). L.^t Ol be an arlentntlun ■ F'Jin ml i . :=>■■: point ? [ - In Hie first Isvyvr, and E(02) olj U-ia 

■ 

excit^tior of some othsr clement Oii it ?. point i*!?. Let L dent ;■.- £o r ne irbitrary _ 



scqueiics; of ecjifirctcd danenEs) from ■ ■ C let ^', denote the product H{1 - u 7 j ) of 

ill th«» angles cj between successive ekm n i along L, r j hati R«j-:} > E(OJ)*HL. 

"i- .': Lei I' . J12 .Ba bs the Jnfcrn lUtc cli i :.:■... , O] a ,d OZ alcjig L E(BI) 

> £(OlH! "ki ! ! } beeaui E K( El) is Hie mar.ii m of i ;■ l;:i ms crm of which Li EGG1}*(1 - 
krt a i ). For. the sa me reason E{B?> £ E(E !}*(] - h -S a ) K{0# > Pv(H rtMl - lws*n# iX 

(IJ E(0-i) fc iXOl) « (1 - ^i-'i fc jft (J - ta ? p*j>, that Is, 

K) E<Q2> £ EtcWL. 

(b) Let I. be :■. locus of e> - r second laj«i radiating from A and passing 

Ll-..L-i.jii d: (/ivv.-r. lv (it ::■ i l>3 ps jlly v ■ ', ' : : : t ;, . ,; ny . ..: jt-d clamant z unique locus 
of" excited elements can be traced bad to A.) Consider two situations An A-on jituatton 
when* A Is c5i.t input 10 i;-r' tv^ sntf an .-*-?.?: situation '■ i --. A is "turn* i off" jsnd the new 

tn the net Is obtained by exciting Oi hv ?i.:. = i. .: E(G[) it had In the A-wi situation. 
Then, for every element O in the first hyer, E(0) in the A on i;:u. tin.i - )':'■ ;■) in i'ir: A -off 
situzti m Aho, for the e 1, dm L, T is the ssin* in lii? two situations. The prwf of this 

claim follows from fr) and wiH not b:: g- : : ::rcd here. 

(cj The loci ur excited cells r»<3 1 : - ■ ■- -,g, fi^n O: in the second layer is the same in the A-on 
and t ! i i-- A-y r f hj-: :.; n.t Ions, Tu verify this claim ir-n . . >-o i-., uts to a point P . long L; an 
.' I along ths curve L, and an Input l' from ciilsi \' the curve (figure 5). I being □;] the 
mrve rn.sa.H5 thai HO > F{0 in the A-OJJ situation. From U) and (b) it follows that Hi) > 
F{Tj i ! tiu A off situation ;le well. This inkjpUes thai the curv*: I. between P and Ol 
■■ ■■ 'tli :=■ m-- In the A-off situation, ' : .:•'■: ;i;/ :■■.-.: ■• .■■! .:ig L. 
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Fh tot«J curvature 3s K514 * 10" 3 



Table I. 

L'jKimating the tot?.1 ci --■::..: b) :;.. prodina sL - ..:•■. v.;;. . .; - funnion of the 
" ' ' t^Eh .1 (in r H ■■ : ters>. 



{4} TEii ettcLtBtion pattern of the r.St r' ■ ; not c jk. d on tJ ■: actual magnitude nT the 

Hits is tru< iMeauj* the curves art dtitermified ' !y by comptidn^ expressions, 
of th? f';.'ir". ,'w'UJ far rJLiff 2j--,v: trajratodas Li 

{■■j.) In-, i::-'-.;;: '.V,;. ucttire u hororjv'iieiBHS and isotropic therefore iT A n shifted or 
.' I the eKcifc-.tieiH psttei n or in-: entire n« v : il" shift and rcistg with it. 
The conclusions from (a) to (?) are as falfovrtL If A is turtisd tiff an J E(Ol) on, the 
shape of J. from O] award i is unaltered. The Sim* hold* when Otis c: died by an 
amount Equal to A Instead of V.(0]> V -: • i with the '■■-■ i >p« property this entails that 
tlir: a!,?jj- of L Frc.^L Q] onwards L3 tongrusnt Eg ihc shape of L rrurn A onwards. Since; this 

for an arbitrary 01 stong L, L must be an arc u-f a circl . ing the limit case of 
r, straight line). 

The dlsnjijitjn so IV •- ovi'.'-.v^ated around single input illusions, i r. A was the only 
input, Whs i there an? turn input edg :- A and B, th* onl} 1 compKi: r?j;c;cii-^ conn«iin* A 
and on the second Layer will be cu.; poi Ed of V ■:> iTC-drdr.s meating smoothly. The resort 
i-: that only it inch meeting points the dement belonging tti liie A-eiirve, and the element 
belonging to the B^urve, constituw ?n orientation pi Ir arid c^n be both copied iu the 
second ltyer. 

Th* Lhiid layan st the third hycr th« traj cry whid n-;..--:i; s ih« total curvature 
, keel up. It h-:i bcraa clvin^.J In tlia p«vtous .-■■ ion tli t th < . ,mputatiari 

can indeed be carried out by th* propufed netwwi. in feci, the e i *\aa E(O) itself is 
i ■ rwly {ir&por£iofl?.tti}th« totstturvatureuf th^trija :erj from A to O, and can ssr ve as 
ail iczii: ■ of tb^ tt. i cji -vciifc. 



Proof. LcL L \fi ; ['V :' :C $£nre circle a. f r;-:-,Uui V-.. DlVL:!^ ihc arc iutci n 

c.-;:::.!.' Mength dl tfic?i f afid let '.ru' ■■•■ r : , : __'.:■ •. ■ I.--, sj»ndj+l. 

lihtl: It cf ili* product Tf^j - et 2 ^d1) vh i dl-> i&Ertp. -s (s" c 3 wl^re c is the Totr-J 
curvature or tin- r-rc. \VfrHs ;;> is claim hel - : - trm fosf ether curves a; we3l Jt is easily 
verifiable fe ;■ circle vher*! all tha eij an equal tc ;■:■:;.'/,. 1 In b^jrithm cf tha above 
[■:■.■ .1 1.! n is 
<3> l- tr.-g (1 - rt 3 W1> 

,- Taykn scries en ■ ^cu. 
{ : t: oi 2 /d! 4 error. 

Tha first tenn is <; ;U: 3 f.j ■[■:;' /,:-' ! ? Vl M ■ i Verges to -phi/X, comprxid to the ti .-.I 
curvature af th<i l;:l which is pLi ifai. The r;rjf L^rrn fw large n ir, L... undi ! by t:r,i.i /nR , 
Which vanishes jji tha liftiiL 

Is is instructive to obipyve how wdr tli^ curvature-p duel ■'■■ ;■ • ?iKp- -c Ffjr 

v>., c .ii.;'ir in figure S the total curvature is L5H -iO . The minus logarithm or the 
ZUTVi . ; : ; - 1 iJLLt H(L - ^^ E | ^ d^]l is gl' :n ill Cable 3 few different Values of ell. It had Ll^o 
thai Lhe eOtdtaion fuLi-::ii_:i do a r,:L have to t . exactly (I - i:a 1i ). Compare far 
■ ■ :ijl - krtV alotig two curves from A io L. ).":■:;." !.:.i\j cn:f p. jam the logarithm of 
'.'.';; m Tn.ylot sanss, the first ten?* to ident'esl for nil tb« ' ■ ii In question, th-? 

srctMld L- nn ftiVSS the :.: . vatUI ■ : . ■ ure„ ?n<3 the -"rpj: Ll.;.5 i<- mil .'.: r n JL. than lire 
licoiid r.-,.; IT -j' .-■,'■ ■. ■.reimnli. V •.-.■. ■ ".■■■-. thi ; .:•:■■ •■ farm l!" tho function was 
immaterial In eSij: .:!.■.-'. •_.:: ■ - io i ni,::M. A flr.il rfiiii"."!'. ' =? the tolerance c 

■ ■;::.■!.'"■ '■<• ■■■ u . ■:!■::.'■.• ' ■.■'"'.'.'.■'■'■■:.,.' c • - :--i arc-pair 



v :! ■■ ::, .-. ■:, ■: li- '■■■st curvatLut Ji ti-ci.M, Mid rcsultinjr contour will be el*..-' . I '■■■■ to rbe 

LI "J L ' 

i, ..;; : . .,.:-;■ uii v; k fj wie. 

The mintomn curvati ■ ■ ; ijrrctcry can my.v be Id ;; : : r i : . r ■ ■ the third la>ci c'! at 
in :.. ■ i'-..- products E(GJ^E(Q2) where Olj 02. are no; orici L&tJcn pair Jt ? in tti* 
. 1 Iviy;::-. Th(r tinly [liir;M=-y-r c^ll.. i ; r M!v;:- ■,■,■!■! r;-..iiv:.y \t!1 T; j ^>t tiir ; . 1 kith: the 

two ?;: -, i.,'. 1 fiom A a lid t:io ■:■:.' -=;i' from IV, m::-. cofitinucujij'. Furthermore, the third layer 
7-. j :tL v JLy at P will rri'L'WTire E '.:;>. -c t,T t\;z £ptixt zi\r-c ■: meeting A '■■• : - '"■ :-.\:<i |j-issjrig 
through P. What remains to ha done is tc j craw a|1 die contQiiri but \h?. one passing 
tii •■.>•■£!.• ti:.; dfveit excited third tajfej cell, Perhaps th< mow straight!: or w ■ ; v. iy of 

pLLshthg tbii task 1^ by * jijii'^ '->■'■•- •1:>~,:-' .-. o: ">. l>j r.!ure cmi^o r. fourth la^cr by 
st"iri,;:i5 at tlic mc^f excited cell an.ri cueing L'":£ two a:c3 y,\\ tha way i':;f.i to .A Mid tj tJ. 1 
Shall n-u'. ouncirn ruyseif here wtth such possible copying mechanism 11 tt beari nj direct 
rtlcv'jnce iu the p-poblem ;:.t hand. 

. modification migh^, hewc-var, h; ■-. .si; ■■• : re acewnt for Ti-.-r generations of 
i-Ll 1 . 1 jt i ,■: Gamers, li', far example, ih. L'..j;d layer cjIij accept nc-. cnlj 1 Dnentatu.-n-ji-^irs 
'•. i- '■..:■■■ ii sep,i rated b/ SO ,. then wh^n the radius of the minimum 
curvature curve becomei taof.rik-.il, it v-iii ij? replied by ri oogji ittvs or.,- .:. Since this 
!.■;■: ■'.■ ■■■' . .1 j' •'.- ■. om^nnn depends on t!-.:- radius cT cui ■ iure, U fhnyld br expected tlr.t in 
■ F ly ■ . 'lY-i [S\ vli f 1 ..- boih ?, C I rtuUr a< id, i is.;; ;■:.:'• i. ; .. . . : v ■ 1 5 Liu p •lu.vi t a b !■::. c tie 

square will pred irate: with increasing viewing dhuncs ( r<J cIccrcKitng 1 I his] -..sis 
v: ' ..,-.'. thi ease, 



I 5 thi 'filling ' /.i [■ ■■ |Ji . v.. I-. :: !y . „-rf ntfacrsjini, o: dp»s il play 

: ■ . smi i roln In Eli* visual priKriS? tt ■■ !::■■■!;■■.''..;:.■■ IE ■!■■ .. in fact take an i cttve 
part in the oarty processing of vJmal inftirm*yon- Whan dug actually tri to pros s »n 

: , one is confronted with tl.j problem thai t!w resulting cortiwr* Srr fragmented, 
r.. ■..::•!..,: !■;, . ■.. .; j %:. ;:■.. This djfFjctilt}- can be attributed only En part fen the iiapwfed ■ - 
of Cfta ps'oassing ttcSinLqiiei it i- .■; ■ - i : ■•' problem as leng ai the dal i sndt the 
computation arenat noJ*e*fr«s. On; of trw nr.3?n probing in eit-I) vlraal processing is thus 
;/::.!. g t-, - fragmented contours by corretfly fiflinj in tiic g.-.pi between them [Marr 19?5]L 
Th* fillitig-li i _■.. Ion is Ehu ■:.■:;. ■" -.3 ^ -■ largely I .;.■■. :,.\.:'. of hlgh-to ' object and 
figure r^coegitiilofl. Hig'her level modules seem to in ■ j mui tht siibjectlv-e contour 
general- ■-■ i.'-'.inly-. t^ugh pwh?pl not ioldy f Yls the frl ■ :■ ;. i.i.-. ['v.- ■■'- •> Mufi 

which edg* should be extended cr.n he affectd by --rii conii kralioni as objuration and 
Ftgur* com pksenws. It is also pkujlbl* that a major characteristic of the fdhd-in wnjooirs 
will b.j p. low c'jrv. :-i.f. .V i- ■,-,■] iltc the filling-in tilt? 1 ! pta« very Utile ii )'tl known 

■ ,: g contour's shape. It is !.■..';, k i. ':•■ ■ ■■>:!.;:-.'} thftUhs contuur of a jp,[jjF/V object 
should extend across the gap. ft had bstn Lndlratsd in the pa?i ■ ':■■'. •'■••■ < r -..i \.r.\v.\ u^ --.n 

■ ■ rob -parts is largely based on p of high curvature [Afnsav* 1954, Roscnfeld 
ir:.::-] Couveijly, "om ".:.,■ j fcnown stout ite object, fs .." ;-xt«3 by 

Eh« laci of such points, 
.'.i.l. 1 ■' ; m its: 1 thank Or. 0, H Pr. T. P. gin For thaSr ce<: mms. 
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